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WAIRAKEI - THE FIRST TWENTY YEARS 

Ian A. Thain, C. Eng., M.I. Mech. Eng. 
Generation Engineer, Operations Division 

New Zealand Electricity 
Rutherford House, 23 Lambton Quay 

Wellington, New Zealand 

General Details The Wairakei Geothermal Power 
Complex is situated five kilometres north of 
Lake Taupo in the North Island of New Zealand. 
The Wairakei system consists basically of a 
highly permeable hot water aquifer contained 
within almost impermeable boundaries. 

Steam is produced from the hot fluid in a 
three-stage flash process. Initially the first 
stage produced steam at 13.8 bar g (200 psig) 
but due to declining field pressure this has 
been progressively reduced to 8.3 bar g (120 
psig) by mid-1980. The second stage produces 
steam at 5.5 bar g (80 psig). In 1972 the 
third stage flashing facilities were installed 
to utilise the otherwise waste saturated water 
from the second stage. This produces steam at 
1.72 bar g (25 psig) . 
The first machine was synchronised to the na- 
tional grid on 15 November 1958 and the last 
machine in October 1964. 

Development of the power complex was in two 
stages and has a total installed capacity of 
192 MWe. The final arrangement of equipment is 
shown in Figure la. The unusual complexity of 
small machines in the Stage I development is a 
result of the initial concept containing a 
heavy water distillation plant. 
however, was stopped early in the project, but 
not before manufacturing contracts had been let. 
At this stage it was considered too late to re- 
design the whole project, so, to take the place 
of the distillation plant, additional turbo- 
generators were installed. The Stage I1 devel- 
opment added 3 x 30 MWe mixed pressure machines. 
Turbine stop valve design pressures are: 

This plant, 

High pressure (HP) 
12.4 bar 6 (180 psig) 

Intermediate and mixed pressure (IP) and 
( M p )  
3.45 bar g (50 psig) 

Low pressure (LP) 
0.03 bar g (0.5 psig) 

The centre of steam production is about two 
kilometres from the station. At present there 
are,60 production wells connected to the steam 
transmission system: 26 of these are classed as 
high pressure and 34 as intermediate pressure 
producers. In addition, 7 multiple flash plants 
are strategically located within the field to 

enable intermediate pressure saturated water to 
be flashed to 1.72 bar g (25 psig). Figure lb 
shows diagrammatic layout of the steamfield 
plant. Drilled depths for the wells range from 
200 m (650 ft) to 1,200 m (4000 ft). Production 
casing sizes are generally 200mn (8 in) with 
150 mm (6 in) slotted casing occupying the 
lower 120 m (400 ft) to 600 m (1950 ft) pro- 
duction levels. 

Transmission of steam to the power station is 
by steam mains at present arranged as follows: 

High pressure 
2 x 760 mm dia (30 in) ; 1 x 502 mm dia 

(20 in) 

Intermediate pressure 
1 x 760 mm dia (30 in); 4 x 502 mm dia 

(20 in); and 1 x 460 mm dia (18 in) 

Low pressure 
1 x 1220 mm dia (48 in) 

Waste water from the field, currently running 
at 1.12 cumecs is discharged via open drain 
culverts to the Wairakei stream and hence into 
the nearby Waikato River. Water from this 
river is also used to provide cooling water for 
the direct contact condensers. 

Wairakei is located approximately 305 m (1200 
ft) above sea level and the normal atmospheric 
pressure at the station is 0.97 bar. 

Managing Policies In the mid-1960's it was 
recognised that drilling additional wells to 
maintain or increase output at Wairakei would 
only accelerate the field rundown. Consequently 
it was decided to hold mass output at the then 
production level of around 65 million tonnes 
annually. 

In view of this decision New Zealand Electricity 
management policies resolved into the following: 

(i) to ensure that the IP, MP and LP machines 
are fully supplied with steam at design 
pressure; 

(ii) to sacrifice HP machine output as rLeces- 
sary to maintain IP, MP and LP machine , 

output; 

(iii) to obtain more efficient use of the total 
energy discharged from the field. 
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Maintenance Strategies 
tenance of this type of plant are similar to 
those for other thermal plants, i.e. 

The objectives of main- 

(1) to ensure the safety of the plant, its 
personnel and the general public; 

(ii) to comply with the statutory require- 
ments which apply to the plant and its 
personnel; 

(iii) to ensure a high degree of plant avail- 
ability so that the investment in the 
plant can be returned; 

to maintain or improve the economy of 
operation of the plant. 

(iv) 

I 

Geothermal work is relatively new on an exten- 
sive scale and developments in materials also 
contribute to keeping the art in a state of 
change. The outstanding feature of geothermal 
work is the way it calls on a very wide range 
of specialists. 
perience has been that access was needed to the 
following scientific disciplines: 

New Zealand Electricity ex- 

Reservoir engineering 
Corrosion chemistry 
Analytical chemistry 
Gas Analysis chemistry 
Metallurgy 
Nondestructive testing of materials 
Nuclear sciences 

These services are required on a more or less 
regular on-call basis and they have been pro- 
vided by the Department of Scientific and In- 
dustrial Research.The input amounts to some six 
to nine man-years. 
ates the Wairakei steamfield but draws on the 
drilling, civil and mechanical engineering ex- 
pertise of the Ministry of Works and Development 
for all "down hole" work, field measurements, 
pipeline and separating equipment construction, 
and maintenance of some drains and roads, etc. 

New Zealand Electricity oper- 

The New Zealand Electricity general policy is 
to seek the best advice available and follow it 
subject to economic analysis. Very simple cri- 
teria, intelligently applied are sufficient for 
decision making with regard to expenditure on 
maintenance or improvements. The standard 
techniques derived from Discounted Cash Flow 
analyses are capable of resolving most of the 
problems on expenditure, provided the following 
data are available: 

(i) the rate of return required of capital 
expenditure; 

the value of incremental production; (ii) 

(iii) a risk assessment of the chances of 
success if this applies. 

In the largely hydro system of New Zealand 
Electricity the value of incremental production 
can be as low as $10,000 per GWh. In steamfield 
decision making account must be taken of the 
fact that the production of wells normally de- 
clines with time. Consequently the decline in 
production must be taken into account by adjust- 
ment to the required rate of return. 

Operating Costs 
about $3 million per year and interest charges 
on the development capital are about $8 million 
per year. The capital costs are historic and 
the development is over 20 years old. With the 
reservation that these costs do not represent 
costs of present day investment, Wairakei pro- 
duction costs were about 1.1 cents per unit in 
1979. The cost of hydro production in the 
North Island with varying ages of investment 
average about 1.27 cents per unit. With present 
day investment costs and increased environmental 
considerations geothermal energy costs would be 
considerably higher. 

Wairakei operating costs are 

Wairakei operating costs include an annual charge 
to the D.S.I.R. for their scientific services 
and work carried out by the Ministry of Works 
and Development is charged at cost. 

Summary of Production History Since exploitation 
of the Wairakei geothermal resource first began 
the total mass withdrawal from the field to the 
end of 1979 has been approximately 1,200,000,000 
tonnes and the total electrical energy produced 
has been 20,836 Gwh. 

The main reactions of the reservoir to exploi- 
tation have been: 

(i) after an initial rapid fall, the "at 
depth'' pressure of the field is now 
approaching a relatively stable value; 

(ii) despite the near stabilisation of the 
"at depth" field pressure, well outputs 
have continued to decline; 

(iii) after showing an initial increase, the 
apparent enthalpy of the fluid is de- 
creasing slowly (approximately 3.5 kJ/kg/ 
yr (1.5 BTU/lb/yr) ; 

subsidence of the ground surface has been 
extensive over a considerable area ad- 
jacent to the main production zone. 

(iv) 

Table I gives the production history of the field 
and plant since the beginning of commercial 
exploitation. 

The main feature of the table is the consistent 
annual output from Nairakei in the face of an 
apparently declining resource. This consistency 
has been achieved by more efficient utilisation 
of the total energy discharged from the field. 
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Year 

1959 

I 960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1. 

3eservoir 
it Depth 
?remure 
Bar g (1) 

58.6 

54.5 

52.8 

50.3 

46.9 

44.1 

42.8 

42.1 

41 *4 

40.7 

39.9 

39.0 

38.5 

38.1 

37.8 

37 07 

37.5 

37.4 

37.2 

37.1 

37.0 

TABLE I 

SUMMARY OF WAIRAKEI GEoTBERMaL POWER PROJECT 
PRODUCTION DATA FROM 1959 TO 1972 

Mass 
Withdrawal 
Tonne x IO( 

37.34 

47 84 

42 25 

51 .eo 

73-40 

70.80 

65.80 

64 30 

59.60 

47-70 

55.80 

56.00 

54.30 

52 50 

48.20 

47-00 

46.10 

47 60 

46 50 

46 30 

46.2( 2) 

Apparent 
Enthalpy 
kJ/kg 

1095.5 

1100.2 

1097.9 

1135.1 

1151.4 

1139-7 

1132.8 

1146.7 

1131.1 

1131.1 

1103.9 

1109.5 

1115.8 

1112.8 

1109.7 

1090.7 

1088.8 

1093.0 

1086.7 (2: 

6.4 

169 

384 

491 

761 

1004 

1194 

1255 

1268 

1058 

1207 

1243 

1185 

1174 

1175 

1162 

1249 

1272 

1232 

1158 

1190 

Peak 
Power 
MJ(e) 

50.6 

64.0 

65.6 

I31 .I 

148.4 

173.0 

166.0 

170.8 

166.8 

165.7 

159.8 

153.4 

149.3 

147-7 

148.6 

159 

158.1 

152.9 

145.7 

145.7 

Turbo-Alternator 

Load 
Factor 
% 

37.9 

68.5 

85.5 

66.3 

77.0 

78.8 

86 33 

84.72 

72.18 

83.12 

88.80 

88.20 

89.55 

90.80 

89.26 

89.64 

91.60 

92.02 

89.62 

92-92 

Availability 
Factor 
% 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

79.4 

90.3 

90.3 

90.2 

89.8 

92.5 

87.9 

88-73 

90.0 

88.5 

70.95 

86.2 

leservoir pressure is that obtained by a regression analysis of the pressure 
of a selection of wells as measured in the water phase and corrected to a 
depth of 275 m (900 ft) below sea level. 

Data not avaiJable (NA) figures estimated. 2. 

A 
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Initially only 4.5 percent of the total energy 
above OOC was converted to electricity, com- 
pared with 8.5 percent in 1979. This improve- 
ment has resulted from extensive use of multiple 
flash units. However, as nearly all the econ- 
omically collectable IP water is now being fed 
to these units, maintenance of the station out- 
put will have to depend on alternative means in 
the future. 

Despite the stabilisation of the field "at 
depth" pressure, output from the wells has con- 
tinued to decrease. To overcome this declining 
output it has been necessary to progressively 
reduce the wellhead pressure on the HP produc- 
tion wells so as to maintain the fluid flow 
from the wells. Initially the HP wells operated 
with a wellhead pressure of 13.8 bar g (200 
psig); currently this pressure is only 8.3 bar g 
(120 psig). 
HP machines is greatly reduced, the machines 
being used essentially as pressure reducing 
valves. This action, however, has enabled the 
IP, MP and LP machines to be kept fully loaded. 

The reason for the decline in well output is 
essentially due to the discharge enthalpy approx- 
imating the recharge water enthalpy and hence 
the steam fraction is less. 

In consequence the output from the 

Figure 2 shows the trend over the last five 
years in the average net power generation for 
the three winter months, a period during which 
every effort is made to have all production 
wells on line. Neglecting the low values ob- 
tained during the 1977/78 winter, a mathematical 
analysis gives the equation of this curve to be: 

y = 0.29 x2 - 4.714~ + 151.4 

where x = years from 1976; y = station output 
MWe. This equation is only effective until 
1984 but shows that by that time the station 
output will have fallen to 132 MWe. 

Another important point to note from the table 
is the mechanical reliability of the station. 
The annual station load factor has consistently 
been between 85 and 90 percent and the avail- 
ability factor in excess of 85 percent for nine 
of the last ten years. 

Wairakei has one of the best records for relia- 
bility of any power station in New Zealand and 
is significantly better than any of the thermal 
stations. 

Performance of Steamfield Plant and Materials 
In 1975 the need for annual surveys of wellhead 
and steam transmission pipework changed to bi- 
ennial inspection, experience having shown that 
there was no requirement for this equipment to 
be inspected and overhauled annually. 

The choice of mild steel as the main material 
for all wellhead, flash plant, and steam trans- 
mission equipment has proved to be a wise 

choice, provided oxygen can be excluded from 
the geothermal fluids. Table I1 shows princi- 
pal materials used at Wairakei. 

Cyclone Separators Initial erosion problems 
with the cyclone separators, due to grit and 
pumice discharged with the fluid being rotated 
around the bottom of the chamber by the cyclonic 
action, was simply solved by welding vanes to 
the bottom surface to trap the well debris. 

Wellhead Silencers Following early failures of 
reinforced concrete stack pipes of wellhead 
silencers, trials were commenced in 1965 to 
assess the suitability of timber for silencer 
stack pipe fabrication. Various timber and 
preservative treatments were tested. The most 
successful timber was found to be Radiata pine 
treated with a 5 percent P.C.P (pentachlorphenol) 
by weight in Shell industrial oil No. 4. A 
silencer made in this material remained in ser- 
vice for 114 years before replacement was con- 
sidered necessary. All silencer replacements 
at Wairakei, and €or geothermal wells in gen- 
eral, are now being made with this form of 
treated timber. 

Ground Subsidence Withdrawal of fluid from the 
Wairakei geothermal field has caused extensive 
ground subsidence in the region (Ref. 1). The 
maximum subsidence is now about 7.6 m (25 ft) 
and is continuing at a rate of about 400 nun 
(1.3 ft) per annum. Fortunately, the area of 
maximum surface subsidence is very small, HOW- 
ever, the total area affected probably approaches 
259 sq. km (100 sq. miles) and the volumetric 
subsidence is estimated to be of the order of 
38 x lo6 m3 (50 x 106 cubic yards). Although 
quite large, neither the vertical movement, 
which is associated with subsidence, nor the 
consequential differential settlement (tilt) 
has so far created any insurmountable diffi- 
culties. All problems so far encountered have 
been caused directly by ground surface strain. 

The region of maximum subsidence fortunately 
occurs outside the production field (see Figure 
3). However, the steam transmission pipes and 
the main open culvert hot water drain which 
runs parallel with the steam mains, have been 
affected by the ground movement and modifica- 
tions to these structures have been, and will 
continue to be, necessary. 

In the case of the main drain it has been nec- 
essary to incorporate sliding joints within the 
outfall drop structure, which lowers the hot 
water 25 m (82 ft) in five unequal steps to 
the discharge point in the Wairakei stream. 
While working on this drain modification,leak- 
age from a diversion flume caused the drain 
structure to fail following washout of support- 
ing pumice alluviumi. Photographs 1 and 2 show 
the extent of damage caused. Failure of the 
drain necessitated an almost total steamfield 
shutdown for three days until alternative 
drainage facilities could be organised. This 
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TABLE I1 : SCHEDULE OF PRINCIPAL MATERIALS USED 
ON WAIRAKEI POWER PROJECT 

Well down hole casings 

Well-head Master Valves 

Well-head Steam Separators 
and Water Drums 

H.P. and I.P. Steam 
Transmission Pipelines 

L.P. (1220 mm dia) Steam 
Transmission Pipeline 4 

I 
W 
m 

M I  5 

API 6 

BSI 501-161 30,250 Ib/sq 
in 

0.25% C max.; 0.35% Si max.; 0.5% Mn min. yield stress Grade B 

BS806 Includes 3 mm 
Class B 0.1% C; 0.2% Si.; 0.48% Mn Corrosion allowance 

BS3601 (1 962) 
SFW Grade 26 1 .05$ Ph. max. allowance 

0.25% c max.; 0.7% Mn max.; 0.05% s max.; No corrosion 

I PLANT ITEM 1 MATERIAL DETAILS I CHEMICAL COMPOSITION 

Turbine Casings Inlet 

I REMARKS 1 

yield stress Cast Carbon Steel 

~~ 

H.P.: I.P. and L.P. Rotor B.E.A.M.A. 
Forgings No.3 grade 3 

M.P. Rotor discs B.E.A.M.A. 
No.2 grade 3 

M.P. Rotor shaft B.E.A.M.A. 
No.3 grade 3 

Turbine revolving blades Stainless iron 

Jet condenser shell BSI 501 -1 61 
Grade B 

Main steam field isolating Cast steel body 

I sDindles 
valves With stainless/steel 

44,800 lb/sq.in 
yield stress 1% Nickel steel with added chromium 

0.4% C; I.& n.; 0.4% Cr.; 0.05% Mo 

44,800 lb/sq. in 
yield stress 

40,300 lb/sq.in. 

Epoxy coated 

1% nickel steel with added chromium 

0.11s C; 0.5% Mn max. ; 0.5% Si; 0.6% Ni. ; 1% Cr 

0.25% C Max.; 0.35% Si m a x . ;  0.5% Mn min. 

Turbine Casings Exhaust /BSI~OI-161-B I yield stress 
0.25% C max.; 0.35% Si max.; 0.5% Mn min. 30,250 lb/sq. in 



has been the only major unscheduled plant out- 
age in recent years. 

The steam mains are affected by the ground 
movement altering the distance between the pipe 
anchors. No provision has been made to accommo- 
date this ground movement and at expansion loop 
anchors it is necessary to periodically cut a 
small length (0.3 m) out of the pipe down stream 
of the loop, move the loop to catch up with the 
ground movement, and then replace the cut out 
length in the resulting gap in the pipe on the 
upstream side of the loop. 

New smaller collection pipelines are now pre- 
stressed to delay the first readjustments be- 
cause of ground strain. 

Silica Deposition 
thermal water has caused no problems in well- 
head equipment or within the steam pipelines, 
but presents a major cleaning problem in the 
open and covered hot water drainage system. 
Silica deposits grow to a thickness of 100 to 
140 mm ( 4  to 6 in) on the floor and walls of 
the drains in the yearly period between clean- 
ings. Keeping the drainage system clear of 
these deposits is a major maintenance expense 
in the operation of the station. 

Attempts to interest New Zealand industry in 
the silica from thedrainshas not been success- 
ful as surface water runoff contaminates the 
deposits. The only possibility of utilising 
this waste product would be by extraction from 
the fluid before discharging into the drain 
system. 

Steam Transmission Line Corrosion Corrosion 
damage of a severe nature has occurred along 
the bottom of the two 760 mm dia (30 in) HP 
steam pipelines. This corrosion was first dis- 
covered during the November 1977 steamfield bi- 
ennial shutdown. 

Mineral deposition from geo- 

Initially these lines carried steam at 13.8 bar 
g (200 psig) but this pressure has been pro- 
gressively reduced to 8.3 bar g (120 psig) with 
the decline of field pressure. These HP lines 
are linked at intervals to equalise pressure 
and flow. 

The corrosion is almost entirely concentrated 
within the "station end" half of the pipelines 
and is not present in the "bore field" half of 
the pipes. The lower half of the internal pipe 
surface is coated with a crystalline deposit of 
magnetite of up to 3 mm (1/8 in) thickness; lo- 
cated at random intervals within the magnetite 
deposit area are large shallow corrosion pits, 
typically 150 to 200 mm ( 6  to 8 in) across and 
generally about 3 nun (1/8 in) deep. In one of 
the,lines, however, pits extended more than 
half way through the 12.7 mm (+ in) wall thick- 
ness of the pipe necessitating the replacement 
of approximately 150 m (500 ft) of this line. 

To prolong the operational life of these pipes 
it has been necessary to turn each of them 
through 1800 over approximately 1000 m ( 3 2 5 0  
ft) of their length. 

The corrosion cells have a bright slightly mat 
metal appearance, and are not coated with any 
corrosion products. Their appearance resembles 
that of metal freely dissolving in acid. The 
surrounding pipe surface is uncorroded, but is 
encrusted with the crystalline magnetite de- 
posit. Photographs 3 and 4 show typical HP 
line corrosion cells. 

The cause of the corrosion has been attributed 
to the flow of nearly neutral condensation 
products containing dissolved CO2 and H2S gases 
which flow along the bottom of the pipe. 
water is largely removed by extraction catch- 
pots located at approximately 120 m (400 ft) 
intervals along the pipe. These catchpots very 
effectively scrub all traces of dissolved chem- 
icals carried over from the separators from the 
line, which results in the purity of the con- 
densate progressively increasing toward the 
power station. (Ref. 2.) Because of this near 
neutral pH of the condensate the exposed iron 
is attacked; this leads to the dissolution of 
the iron and subsequent deposition of magnetite 
further down the pipe. (Ref. 3 . )  

This 

During the investigation into this problem it 
was noted that no significant corrosion had 
taken place within the wellhead equipment or in 
the upfield end of the HP pipelines. This, it 
was assumed, was due to the presence of soluble 
chemicals within the water inhibiting corrosion 
attack. Tests on the condensate discharged 
from the catchpots along the whole length of 
the HP pipelines revealed that where the con- 
densate had a high silica content (greater than 
10 ppm) no corrosion had occurred. When the 
silica content fell well below this figure 
corrosion attack was very pronounced. 

A trial is currently being carried out on one 
of the HP lines in which silica laden well 
fluid is being injected to see if this will 
inhibit the corrosion attack in the station end 
of the pipeline. Hydrogen probe patches, posi- 
tioned immediately below an active corrosion 
cell, have been installed for "on line" monitor- 
ing of the experiment, previous work having 
shown (Ref. 4) that the rate of corrosion can 
be related to the evolution of hydrogen through 
the pipe wall. Figure 4 shows the encouraging 
hydrogen probe results obtained when well fluid 
was injected into the pipeline for a test trial 
in April/May 1980. The graph shows that imme- 
diately after injection commenced, the collec- 
tion of hydrogen increased, which suggests that 
corrosion had stopped. On stopping the injec- 
tion a period of protection is seen to exist 
before corrosion once again commences with the 
collection of hydrogen at the pre-injection 
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rate. Injection of well fluid recommensed on 
13 May 1980 and an immediate response was ob- 
tained from the hydrogen probe. 

Well fluid injection will be continued over the 
winter generation period and the pipeline opened 
for detailed inspection in October/November 
1980. Condensate discharged from the catchpots 
will be monitored for the desired level of 
silica residual at the station end of the pipe- 
line. The presence of chlorides, in the well 
water being injected, involves careful monitor- 
ing of steam quality. 

Wellhead Steam Flow Meters Steam flow measure- 
ments at Wairakei are used essentially for 
field management purposes. New Zealand Elec- 
tricity operates the steam field; thus there is 
no requirement for an accurate measurement of 
steam output for energy costing purposes. 

Steam output from each of the production wells 
and flash plants is computed daily from flow 
nozzle and mercury differential pressure meter 
readings. These meters, however, are now at 
the end of their economic life, having been in 
service for over twenty years. It is planned, 
therefore, to replace these with stainless 
steel bellows-type differential pressure meters. 

Cooler Water Downflows in Wells Recent meas- 
urements using a down-hole spinner show that in 
two nonproductive wells, substantial quantities 
of 150% water are flowing downwards in the 
open hole section of the well and dispersing 
into the production zone. It is possible that 
similar activity is occurring in other wells 
and in natural fissures. 

Radioactive tracers have been used to detect 
this inflow in surrounding producing wells. 
The full implication of this is still being 
considered. However, it should be noted that 
so far it has not been possible to detect any 
effect on the heat output of the surrounding 
wells, even though the downflow is in excess 
of 200 tonne/hour and is known to have been 
occurring for some years. A workover on one of 
the downflow wells has successfully stopped the 
cooler water inflow and the well has been re- 
stored to production use at a level comparable 
to what it was before it stopped producing some 
years previously. 

Power Station Plant The unfortunate effect of 
the once proposed heavy water distillation 
plant on the plant of the Stage 1 development 
is carried on in the heavy maintenance require- 
ments of the complex of small machines and re- 
sultant equipment associated with the 'A' sta- 
tion. The three 30 MW machines of 'B' station 
are maintained for a much lower cost per unit 
generated. 

The turbines and associated air/gas steam 
ejectors and jet condensers have remained plant 
items with high maintenance costs. The combi- 

nation of saturated steam and the presence of 
hydrogen sulphide gas in the steam require a 
greater degree of vigilance than on other tur- 
bines of the same pressure and temperature. A 
programme of four-yearly turbo-generator over- 
hauls has been more than justified by the high 
availability factor for the plant. 

Turbo-Generators The turbine blades on all 
machines at Wairakei were made from 13 percent 
chromium iron and supplied in the soft (non- 
martensitic) state with a Brinell Hardness in 
the range 160-190. In this condition there was 
considered less risk of stress corrosion crack- 
ing in the geothermal steam environment. To 
prevent erosion of this soft material in the 
wet end of the turbine, the blade tip speed was 
restricted to 275 m/sec (900 ft/sec). 

During the first few years service the erosion 
damage on the exhaust end blades was quite 
marked. However, this damage has progressed 
very little since (see Photograph 5 ) ,  and pre- 
sents no risk to the integrity of the blades on 
the 30 MW mixed pressure machines. For this 
reason no dressing of erosion is done. These 
machines have each accumulated over 130,000 
running hours and following a planned overhaul 
in 1978 the manufacturers representative con- 
sidered the machine blading good for another 
seven to ten years service. 

During this overhaul the opportunity was taken 
to completely dismantle the keyed disc rotor 
(in view of previous failures of this type of 
rotor construction at the Hinkley Point Power 
Station in the U.K.) and give it an extensive 
examination due to hydrogen sulphide being 
identified as an agent for stress corrosion 
cracking. No metallurgical defects were 
discovered. 

All nozzles and diaphragms were found to be in 
good condition, except for severe erosion dam- 
age to the upstream face of the outer rim of 
several diaphragms. This appeared to be due to 
water droplets shedding from the upstream stage 
shrouding. Repairs carried out by station 
staff entailed machining the damage area and 
welding in a stainless steel erosion plate. 

Casing corrosion, to a maximum depth of 1.5 nun 
(1/16 in) has occurred in patches. The inner 
casing drains, however, were found severely 
corroded. See Photograph 6. These drain pipes 
are now being replaced in stainless steel. 

The exhaust end erosion on the 11.2 MW LP 
machines due to the smaller blade section, did 
present a threat to the blade integrity at the 
banding rivet and by fatigue in the blade,and 
following a number of Stage 1 blade fatigue 
failures on two machines after 110,000 hours 
operation, it was decided to completely re- 
blade all LP machine rotors. 

A 
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The 11.2 MWe IP machines, which were late sub- 
stitutes for the planned heavy water distilla- 
tion plant, have been very prone to blade fail- 
ures, due primarily to the high steam bending 
stresses in the blades being well above that 
applicable to contemporary machines. Higher 
strength blades manufactured from FV 520, a 1 4  
percent chromium, 5 percent nickel material, 
are currently being tried out on these machines. 

As mentioned previously, the HP machines at 
Wairakei are all operating at very much reduced 
load due to the fall-off in steamfield pressure, 
and consideration is being given to re-siting 
two of these machines at the planned Ohaki 
Geothermal Power Station so that more efficient 
use can be made of the HP steam which will be 
initially available at that site. 

Examination of the machines has shown no major 
repairs necessary with the exception of perhaps 
the complete replacement of the exhaust casings. 

In the early years of operation a case of 
"standby corrosion" was experienced with one 
turbine when, owing to imperfect isolation, 
steam seeped into the casing of the idle machine 
from the exhaust end. The presence of air and 
condensation proved a particularly noxious and 
corrosive mixture and the rotor and diaphragms 
suffered attack. Improved methods of isolation 
assisted by hot air ventilation for drying out 
turbines after shutdown has prevented a re- 
currence of this trouble. 

Jet Condensers The jet condenser shells on the 
Wairakei machines are made from mild steel with 
the wetted surfaces epoxy coated (Calvinac) . 
This coating has stood up remarkable well con- 
sidering the presence of warmth, moisture, 
oxygen and hydrogen sulphide, and still exists 
over some 80 to 90 percent of the total inter- 
nal surface area. Site application of the orig- 
inal epoxy coating has proved very difficult 
and station staff have had to use a different 
epoxy coating for repair work. This substitute 
material, however, only has a service life of 
between four to five years. 

A significant problem with the condenser bodies 
is that corrosion, once it commences, proceeds 
rapidly to excavate very deep pinhole cavities 
which have on occasions penetrated the shell. 
Repairs to corrosion pits are made by welding, 
but if the welds are not ground smooth and 
epoxy coated, corrosion proceeds extremely 
rapidly at the weld fusion zones. Photograph 7 
shows condition of epoxy coating within jet 
condensers. The impact forces of the cooling 
water on the condenser floor plates have re- 
sulted in these plates frequently becoming de- 
tached. However, by strengthening the mounting 
framework and making the floor plate attachments 
more resilient by introducing rubber washers at 
each joint interface and by the use of stainless 
Belleville washers, the station staff have had 
some success in containing this problem. 
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Gas Extraction System Initially, high speed 
centrifugal gas exhausters were installed on 
the LP machines, but these proved very unreli- 
able mechanically and were replaced with steam 
driven ejectors. These have proved to be very 
reliable, but inefficient in the use of steam. 

The ejector condensers are subject to heavy 
sulphur encrustation, and corrosion in this 
area is fairly severe. In general, ejector 
condenser bodies with epoxy linings last ap- 
proximately six years, although one of the 
original ejector condensers coated with Calvinac 
epoxy is still in service. 

In 1971 the gas extraction and water discharge 
pipework from the ejectors was replaced with 
polyester asbestos and this has given excep- 
tional service and is expected to last indef- 
initely on this duty. 

Electrical Equipment The only satisfactory 
material found for electrical contacts at 
Wairakei has been platinum; silver and even 
gold contaminates rapidly in the hydrogen 
sulphide polluted atmosphere. 

Copper must be tinned to avoid corrosion, and 
wires must be stripped using thermal strippers, 
otherwise the "nicks" in the tinning caused by 
blade strippers allow corrosion to commence, 
resulting in the tails falling off the wires. 

The brush gear has been a continuing source of 
trouble and requires constant routine mainten- 
ance. 

Cooling Water Discharge Culverts Due to the 
use of jet condensers at Wairakei, hydrogen 
sulphide gas gets carried over into the cooling 
water culverts where it collects in pockets 
located above the water level. The design of 
the culverts at Wairakei is such that during 
normal operation the culverts do not run full 
and there exists a 200 mm (8 in) gas space 
above the water level. The hydrogen sulphide 
which collects in this space oxidises to sul- 
phuric acid which attacks the exposed wet con- 
crete causing the surface to crumble and break 
away. Those areas of culvert that are below 
the operating water level exhibit little or no 
sign of deterioration. 

Concrete 105s on the roof areas of the culverts 
has been extensive. (See Photograph 8.1 On 
large areas the first layer of reinforced steel 
has been exposed, and in places the steel has 
been completely corroded through. The integ- 
rity of the culvert structure is still ade- 
quate, but a solution to the problem is urgently 
required. 

Since 1974 a test programme has been imple- 
mented to evaluate possible repair and cure 
methods for the culvert roof corrosion problem 
and to test concrete protective coatings for 
new geothermal installations. To date, the 



most promising results have been achieved by 
spraying the roof with a urethane expansion 
foam to a depth of 37 to 50 mm (1% to 2 in). 
Care is taken to make this surface reasonably 
smooth as an elastometric polyurethane sealing 
coating (Irathane 141) is applied to it to pro- 
vide resistance against chemical attack. Photo- 
graph 9 shows a section of roof being foam 
covered and the Irathane primer coating being 
applied. Photograph 10 shows the same roof area 
after three years operation. 

Epoxy coated concrete block samples have been 
positioned in the culvert corrosion zone for 
evaluation purposes. No results are as yet 
available on this work. 

It is New Zealand 
Electricity management's intention that Wairakei 
be maintained at its present level of production 
provided economic means are available to sus- 
tain this production. To this end active steps 
are being taken to investigate the feasibility 
of reinjecting the waste hot water from the 
field as a means of alleviating and correcting 
the decline in field pressure. Management of 
the reservoir is the primary object of this re- 
injection. Secondary effects are the possible 
curtailment of ground subsidence and lessening 
of environmental problems created by surface 
discharge of geothermal waste fluids to the 
Waikato River. 

Currently, tests are in hand to evaluate the 
most promising reinjection sites at Wairakei, 
and a trial reinjection of approximately 700 
tonnes/hour is to be undertaken on a well sited 
near the western field margin. The well select- 
ed for this test has always followed field 
pressures changes closely and rapidly and can 
be considered to be at the sane pressure as the 
main production area. The water temperature at 
which reinjection can be accomplished satisfac- 
torily is of vital importance to the economic 
viability of the scheme because of the low 
waste water temperature existing from the LP 
flash facilities (125OC). 

Existing wells which, up to now, had not been 
considered economic for connection to the steam 
transmission system due to their remoteness, 
are now being reappraised. A potential of 
approximately 20 MWe exists from one group of 
wells and Ministry of Works and Development 
are currently drawing up engineering cost esti- 
mates to link these wells into the steam trans- 
mission system. 

Partial replacement of the steam activated gas 
ejection on the condensing turbo-generators, 
with liquid ring compression is identified as 
an area where the economy of operation of the 
plant can be improved. 

Conclusion It is acknowledged by New Zealand 
Electricity that the initial operating pressure 
Ofthe 'A' station plant was too high and the 
overall installed capacity of the project too 
large for the geothermal resource to sustain. 
The need to assess more accurately the reaction 
of a field to exploitation will be a very im- 
portant consideration in any future geothermal 
electrical power development in New Zealand. 

The cancellation of the heavy water distilla- 
tion plant, and its replacement by additional 
turbo-generators, has resulted in a complex of 
small machines on the 'A' station which is 
costly to maintain, in comparison to ' B '  station. 

The general condition of plant on both ' A '  and 
' B '  stations is such that a further fifteen to 
twenty years operation is expected from the 
equipment before maintenance costs become exces- 
ive. It will still be necessary, however, to 
maintain the same high degree of vigilance, 
which in the past has achieved an enviable 
record of plant availability. 

The use of unsophisticated materials was an 
important design decision which in the main 
has been substantiated. The inclusion of a 
corrosion allowance has,  however, saved the 
"station end" half of the large HP steam mains 
from early replacement due to condensate 
corrosion. 

The use of mild steel protected with epoxy 
coatings has stood up well in the harsh con- 
denser environment at Wairakei. 

The level of future output from the station is 
open to question. Present trends indicate that 
the rate of power output drop is declining. The 
performance of the field during the forthcoming 
winter generation period will be watched closely 
to see if this trend continues. In the long 
term it is the aim of New Zealand Electricity 
to maintain a geothermal energy resource at 
Wairakei which, with the possible assistance of 
reinjection, will produce power at near the 
present level for a very long time. Wairakei, 
it is hoped, will be like your grandfather's 
axe, four new shafts, two new heads, but still 
the same axe. 
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Figure No. l a  Flow diagram showing machine arrangement at 
Wairakei A and B s ta t ions.  

Figure No. Ib Diagrammatic arrangement of 
a t  Wairakei. 
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Figure No. 1 
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Photograph 1 View showing failure of main drain which necessitated 
the only major  unscheduled steamfield shutdown in 
the last 10 years. 

Photograph 2 Another view of damaged drain. 
Note: The thickness of silica build-up on 

the right hand drain channel. 

Photographs 1 and 2 
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Photograph 3: Typical H.P. P ipe l ine  cor ros ion  ce1:L. 

Photograph 4: H.P. P ipe l ine  cor ros ion  c e l l .  
Note: Magnetite redepos i t ing  a long  

downstream edge 

Photographs 3 and 4 
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Photograph 5:  Erosion damage to mixed pressure M/C 
exhaust end blades after l35,OOO hours operation. 

Photograph 6: Intermediate pressure M/C casing drain 
corrosion damage. 

Photographs 5 and 6 

7 - 4 8  



1 cr, 

Photograph 7: View o f  j e t  condenser floor p l a t e  and s ide  w a l l  
a reas .  Note the  good condition of  epoxy coa t ing  on w a l l .  

Photograph 8: View of cooling water o u t l e t  cu lve r t  showing 
hydrogen sulphide induced a t t a c k  on cu lve r t  r o o f .  

Photographs 7 and 8 
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Photograph 9 Showing part of C.W. outlet culvert roof coated 
with urethane foam and sealing coat of elastometric 
polyurethane applied. 

Photograph 10 Showing the same culvert roof after three years 
exposure to sulphuric acid attack. 

Photographs 9 and 10 
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